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Abstract 
We present the uranium contents in the different lithological formations of Santiago. The island is constituted by basaltic-
basanite rocks, but phonolitic-trachytic rocks also occur. The highest contents of uranium occur in the phonolitic-trachytics rocks 
of Ancient Complex and Pico Antónia Formations, and also in other formations of heterogeneous materials, which have phonolitic-
trachytics fragments, reaching 62.8 μg.g-1 of uranium. These contents are much higher than those of the MORB (0.047-0.18 μg g-
1) and OIB (1.02 μg.g-1) and even higher than those of the upper crust. The source of uranium in the rocks of Santiago is related 
with the occurrence of zircon 
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1. Introduction 
The Cape Verde Islands are located in the Macaronesia region in the eastern shore of the Atlantic Ocean, 500 km 
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west from Senegal’s Cape Verde Peninsula, after which the archipelago was named—between the latitudes 17°13′N 
(Santo Antão Island) and 14°48′N (Brava Island) and the longitudes 22°42′W (Boa Vista Island) and 25°22′ W (Santo 
Antão Island). The Cape Verde Archipelago is composed by 9 inhabited islands plus one uninhabited. The land areas 
vary from 35 km2 (Santa Luzia Island, uninhabited) to 991 km2 (Santiago Island). Over half of the archipelago’s 
population lives in the Santiago Island.  
The 40Ar/39Ar data indicate that the volcanic evolution of Santiago spread from 4.6 Ma (the major submarine phase) 
to 1.1-0.7 Ma (the late volcanic activity), with most of the sub aerial volcanism taking place from 3.3 to 2.2 Ma1,2. 
The periods of intense volcanic activity, which caused the growth of the island, are separated by erosion and 
sedimentation periods, materialised by intercalated sedimentary formations. After the initial phase of submarine 
volcanism, the volcanic building emerged and the volcanism became sub aerial. Isotopic data (Sr-Nd-Hf and Pb), 
major and trace elements data of rock samples from Santiago were present 3,4 in order to constrain the mantle source. 
The island of Santiago is the largest of the Cape Verde archipelago, with a length and width of 54.9 km and 29 km 
respectively, and reaching an altitude of 1392 m. Climatic conditions and erosion are some of the natural problems of 
the Cape Verde archipelago. Furthermore, human influence on the surficial environment has often proven to be 
inappropriate and with a strong impact. The knowledge of the natural geochemical variability is essential for the 
suitable resolution of economic, environmental, planning, medical and legal issues. The need for building a database 
of georeferenced geochemical information that comprises the surficial environment of the island of Santiago was the 
main motivation for carrying out this study. A geochemical survey of 252 rock samples, 339 stream sediment samples 
and 249 soil samples from the island of Santiago was conducted, following the guidelines of the International Project 
IGCP 259 not only at the sampling stage, but also in the subsequent stages of preparation, analysis, data treatment and 
mapping5,6. A textural analysis was also carried out, and the mineralogical composition of about 25% of the samples 
was studied5. 
In this work we present the uranium contents in the different lithological formations of Santiago Island, Cape 
Verde and try to understand its source.  
 
2. Lithostratigraphic formations 
The lithological cartography of Santiago Island was published7 and together with other works8, helped to establish 
the volcano-stratigraphic sequence of the island. The oldest formation (Complexo Antigo - CA), spread through the 
island is essentially a dense very altered dyke complex, but intrusions of foid gabbroic and alkaline sienitic rocks, 
intravolcanic breccias, phonolites, trachytes, carbonatites and piroxenites also occur. The submarine volcanism is 
expressed by the Flamengos Formation (FL) which discordantly overlaps the CA and it occurs essentially in the centre 
and south of the island, particularly on the northeast slope (Fig. 1). The basaltic mantles (limburgites, basanites and 
basanitoides) are formed by the stacking of pillow-lavas, with subordinated breccias and intercalated tuffs. The 
breaccia form compact deposits and, in general, they are much altered into clay materials. The Orgãos Formation (CB) 
is essentially a very compact volcano-sedimentary unit, formed by a breccia/conglomerate with a sandstone matrix 
and may correspond to lahares. Some of the clasts result from CA erosion. The cement contains carbonated and zeolitic 
material, of secondary origin. 
The Eruptive Complex of Pico da Antónia (PA) is the geological formation with the largest development on the 
island representing more than half of the surface of Santiago Island (Fig. 1). This unit is essentially formed by thick 
sequences of basaltic lava flows, intercalated by pyroclastic material and the flows are essentially subaerial, but with 
some submarine pillows-lavas in the coast5,6. This formation also contain dikes, volcanic necks, domes and pyroclastic 
material of phonolitic-trachytic compositions. The Assomada Formation (AS) is constituted by basaltic mantles 
(basanites) and some basaltic pyroclastes, originated from exclusively sub-aerial activity. These lavas fill valleys and 
are, with the 50 cinder cones of the Monte das Vacas Formation (MV), the most recent manifestation of volcanism in 
Santiago Island4. The quaternary formations have a small spatial representation, are ancient and modern alluvium, 
torrent deposits, sand dunes and also limestone. 
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3. Methods - field sampling, sample treatment and chemical analysis 
A geochemical survey of 152 rock samples from Santiago Island was conducted to cover all the lithological 
formations of the island in order to collect simultaneously rock, soil and stream sediment samples5,9. The guidelines 
of the International Project IGCP 259 were followed at the stages of sampling, preparation, analysis, data treatment 
and mapping for soils and stream sediments samples. The collection of rocks aimed to the chemical characterization 
of the different lithological units of Santiago Island. Thus, for each different geologic unit we selected at least five 
sampling points. The location of sampling points was dependent on representatively but also on accessibility, as 
Santiago have a very rough relief and a poor road network.  
 
 
 
Fig. 1. Geological cartography of Santiago Island, Cape Verde, modified7. 
 
The physical preparation of the rock samples was performed in the Geosciences Department in University of 
Aveiro (Portugal) and in the Earth Sciences Department in University of Coimbra (Portugal). In the laboratory, rock 
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samples (~2 kg of rock) were cleaned, crushed in a hydraulic press, then in a jaw mill to minus 2 mm and finally in 
an agate mill to minus 75 Pm. To clean the mill between each sample, about 30 g silica were crushed for 5 minutes 
and the mill was cleaned with tape water and 96 % ethanol.  
The contents of U in rock samples were obtained by instrumental neutron activation analysis (INAA) at the 
Portuguese Research Reactor, in Sacavém. Two reference materials were used in the evaluation of U concentration 
by INAA: sediment GSD-9 and soil GSS-4 from the Institute of Geophysical and Geochemical Prospecting (IGGE). 
Reference values were taken from data tabulated10. The samples and standards were prepared for analysis by weighing 
200–300 mg of powder into cleaned high-density polyethylene vials. Irradiations (6 h) were performed in the core 
grid of the reactor11, at a thermal flux of 3.34 x 1012 n cm-2 s-1; фepi/фth = 1.4%; фth/фfast = 12.1. More details of the 
analytical method could be found12-15.  
 
4. Results 
The contents of U determined in the various formations of the Santiago Island ranges from below the detection 
limit to 62.8 μg g-1 (Table 1). The lowest U contents were found in the CC limestone (0.37 μg g-1) and CC terraces 
(1.20 μg g-1), while the highest U contents ( up to 62.8 μg g-1) were found in the CC alluvium, which results from the 
erosion of CA rocks (Table 1). 
 
Table 1. Concentrations of uranium (μg g-1) from different rocks of Santiago Island. 
  x S Max Min 
  CA (basaltic-basanitic rocks) 
n=18 2.78 2.49 8.08 < ld 
  CA (phonolitic-trachytic rocks) 
n=16 4.64 2.87 11.10 0.35 
  FL 
n=16 1.39 0.68 2.56 < ld 
  PA (basaltic-basanitic rocks) 
n=39 1.48 0.74 3.42  < ld 
  PA (phonolitic-trachytic rocks) 
n=15 2.97 0.75 4.03 1.07 
  AS 
n=8 1.83 0.83 2.32 < ld 
  MV 
n=9 1.61 0.99 3.77 < ld 
  CB 
n=9 1.71 0.52 2.35 < ld 
  CC (terraces) 
n=14 1.20 0.63 2.36 < ld 
  CC (Limestones) 
  
n=5 0.37 0.18 0.50 0.25 
  CC (Alluvion of CA) 
n=3 39.65 32.61 62.80 2.36 
x – mean; s – standard deviation; min – minimum; max – maximum; n – number of samples; ld- detection limit. Magmatic formations: CA- 
Ancient Internal Eruptive Complex formation, FL-Flamengos formation, PA-Pico Antónia formation, AS-Assomada formation, MV-Monte das 
Vacas formation; Sedimentary formations: CB-Orgãos, CC- Quarternary rocks (e.g. limestone and alluvium). 
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The CA and PA formations present two very distinct groups of rocks, one with contents of Fe2O3 (T) ranging from 
9.89% to 18.40% and the other group with Fe2O3 (T) contents ranging from 1.94% to 5.60%5. These two groups 
correspond to basaltic-basanitic and phonolitic-trachytics rocks, respectively. The phonolitic-trachytics rocks of CA 
and of PA are richer in U than the basaltic-basanitic rocks of the same respective formation (Table 1) and those from 
CA have high U contents with an average of 4.64 μg g-1 but reaching 11.1 μg g-1. These contents are much higher than 
those of Middle Ocean Ridge Basalt (MORB: 0.047-0.18 μg g-1) and Ocean Island Basalt (OIB: 1.02 μg g-1)16 and 
even higher than those of the upper crust (2.7 μg g-1)17. The Flamengos Formation (FL), representative of the 
submarine volcanism, has the lavas with the lowest U contents (1.39 μg g-1), while the Complexo Antigo Formation 
has the highest U contents (Table 1). The basaltic-basanitic rocks from PA, the Assomada (AS), Monte das Vacas 
(MV) and Orgãos (CB) formations rocks have similar U contents (Table 1). Their average U contents are higher than 
MORB and OIB. So all the volcanic rocks from Santiago Island are enriched in uranium specially those of phonolitic-
trachytic compositions. It was also found enrichment in the most incompatible elements in the lavas from Santiago4. 
The baseline value maps of U in soils and stream sediments of Santiago Island were defined9 and according to 
them, uranium in Santiago topsoil and stream sediments has a geogenic origin and there is no contamination of this 
metal in these two sampling media. The highest uranium contents in the analysed rocks are probably related with 
zircon as this mineral was found in the stream sediments of CA, PA and CC alluvium7. The high correlation between 
the contents of U and Zr5 also seem indicate that the source origin of U in the rocks of Santiago is related to the zircon 
occurrence. 
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